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ABSTRACT
Ultrasound evaluations of the cross-sectional area (CSA) in the tarsal region of Standardbred Trotter Horses
(STH) have been previously reported for tendons but not for ligaments. The objective of this study was to
identify normal ultrasonographic CSAs in the tarsal ligaments of STH. Transverse echographic scans of
ligaments at five tarsal levels from proximal to distal direction were recorded in 25 healthy STH. All
images were recorded, and the CSA measurements (mean ± SD) were determined. The widest structure
resulted in the long plantar ligament (LPL) at distal portion of the astragalus, and the smallest was the
long medial collateral ligament (LMCL) at the medial malleolus of the tibia. Long collateral ligaments
(LCL) increased their CSA at the level of their distal insertions, while LPL reached the maximum CSA in
the middle of its length. Although this report was limited due to its retrospective design, it is the
opinion of the authors that the normal CSAs investigated in this paper could function as a reference
guide when tarsal pathological conditions are suspected in STH.
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Ultrasonographic techniques in the diagnosis of limb soft tissue
lesions in horses have been widely investigated in sports veter-
inary medicine. Echogenic evaluations of equine tendon and
ligament texture and size have been described in order to
recognize disorders in both adult horses and foals, particularly
within the palmar metacarpal regions (Biller and Myer 1989;
Chhem et al. 1994; Smith et al. 1994; Gillis et al. 1997; Reef
et al. 2004; Agut et al. 2009; Korosue et al. 2015; Spinella et al.
2015; El-Shafaey et al. 2016; Spinella et al. 2016). Likewise, ultra-
sound investigations of tendon and ligament aspects within the
tarsal region have been previously reported (Ruohoniemi 1993;
Santschi et al. 1993; Tomlison et al. 2000; Reef et al. 2004; Raes
et al. 2010; Vilar et al. 2011).
The relevance of ultrasound investigations of the cross-sec-
tional area (CSA) has been reported for palmar metacarpal
tendons and ligaments in sound horses of different breeds
(Wood et al. 1993; Gillis et al. 1995a,b, 1997; Agut et al. 2009;
Korosue et al. 2015), but few research studies have been done
regarding specific musculoskeletal injuries in STH (Bertuglia
et al. 2014). In fact, no data regarding the CSAs of tarsal liga-
ments of Standardbred Trotter Horses (STH) have been pre-
viously published.
Tarsal ligament injuries, such as desmitis of the tarsocrural
joint, are often clinically underestimated, which, if not properly
diagnosed, can cause severe lameness in horses. Tarsal
ligament injuries could be more easily diagnosed with an
increase in CSA ultrasonographs, among other signs (Lamb
et al. 2012). For this reason, the assessment of normal CSA
measurements of tarsal ligaments could be useful for ultrasono-
graphy practitioners in order to diagnosis certain injuries in STH.
The purpose of this study was to report the normal CSA of
tarsal ligaments, including the long lateral collateral ligament
(LLCL), the small lateral collateral ligament (SLCL), the long
plantar ligament (LPL), the long medial collateral ligament
(LMCL), and the small medial collateral ligament (SMCL) in STH.
2. Materials and methods
2.1. Animals
For this study, ultrasound records of sound client-owned STH
examined during routine clinical trials (e.g. periodic deworming,
etc.) were obtained within a 10-years timeframe (2003–2013).
Inclusion criteria were as follows: (1) all animals were con-
ditioned and competing (or had competed) in various race-
courses; (2) a complete orthopaedic examination was
performed in order to include only orthopedically sound
horses; and (3) the tarsal region was ultrasonographically
normal and completely examined. The horse owners signed
an informed consent form to attend in the study.
Both tarsi of 25 healthy STH, 13 males and 12 females, met
the inclusion criteria. Mean age was (mean ± SD) 7.05 ± 2.58
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years; height was 160.18 ± 2.54 cm. Thoracic and tarsal per-
imeters were 181.33 ± 2.80 cm and 41.20 ± 0.64 cm, respect-
ively. No significant differences among the considered
variables were observed between males and females nor
between right and left hindlimbs (p-value > 0.05 in all cases).
For this reason, all tarsi were considered as a unique group,
independent from sex and laterality. For each one of investi-
gated ligaments, confidence intervals were reported at 95%
for normal values.
2.2 . Ultrasound examination
A real-time ultrasound scanner (Toshiba Nemia, Milano, Italy)
with a 7.5 MHz sector probe and a standoff pad were used for
all ultrasound examinations in order to improve ligament visu-
alization. Sedation was obtained with detomidine (60 µg/kg bw
IM, Domosedan – Pfizer, Madrid, Spain).
Skin and hair of the tarsal region were cleaned with soap,
warm water, and ethyl alcohol; the hair was not shaved. Ultraso-
nographic examination was performed with horses in a weight-
bearing standing position, except for images taken for the short
collateral ligaments (SCL). In order to move away from super-
ficial structures and obtain better visualization, images of the
SCL were taken with the joint flexed.
As previously reported (Valentini et al. 2005; Vilar et al. 2008),
different reference levels were identified: the 4 cm proximally to
the point of the hock (level 0); the point of the hock (level 1); the
medial malleolus of the tibia (level 2); the distal aspect of the
trochlea of the astragalus (level 3); and the base of the 2nd
metatarsal bone (level 4). Transverse scans relative to each
studied ligament were performed at each level along the four
sides (lateral, medial, dorsal, and plantar) of each tarsus to get
the CSA measurements of the LLCL, the SLCL, the LPL, the
LMCL, the SMCL, and their portions, if detected (Figure 1). The
ultrasound examination was performed by a single operator
(JMV, who has 15 years of experience in equine ultrasound
examination). All methods were completed in accordance
with the recommendations of Animal Care and Ethics Commit-
tees of the Universities of Bologna (Italy) and Las Palmas de
Gran Canaria (Spain).
2.3 . Image analysis
In the digitized images, the CSA was calculated using appropriate
software (Metric, PCE GmbH, Dietmannsried, Germany). Maximum
accuracy was achieved by outlining with a precision tablet pen
(Wacom Europe, Krefeld, Germany). This measurement was per-
formed by three different researchers (GS, LP, SV) blind to each
other, and the median value of the three measurements was con-
sidered as long as the measurements differed <10%. When the
difference was >10%, new measurements were obtained (Agut
et al. 2009). Area was expressed in cm2.
2.4. Statistics
Statistical analysis was conducted as previously reported for
tarsal tendons (Vilar et al. 2011). A Student t test was used
to analyse the tarsal thoracic perimeter (circumference),
the height between males and females, and to test the influ-
ence of laterality (right and left hindlimb) on CSAs. Values of
p ≤ 0.05 were accepted as significant for all tests. For each
of the investigated ligaments, a mean value (cm2) ± standard
deviation (SD), minimum and maximum values were recorded
(Table 1). For normally distributed variables, the confidence
interval was set at 95%. Normality was analyzed using the
Shapiro–Wilk test.
3. Results
CSA measurements for each ligament are summarized in Table
1. The results showed the CSA of the LLCL increasing from level
2 to level 3 (Figure 2). The three portions (superficial, median,
and deep) of the SLCL were detectable only at level 2. Deep
portion appeared to always be the largest (Figure 3).
The LPL was the largest ligamentous structure among those
investigated and was easily detected from level 2 to level
4. Even if the CSA of this structure minimally increased from
level 2 to level 3, it significantly decreased from level 3 to
level 4 (Figure 4). The LMCL was identified from level 2 to
Figure 1. Tarsal lateral (a) and medial (b) illustration showing approximately the
reference levels for obtaining the ultrasonographic images. Note that these
images were obtained transversely to the studied ligament. Note also that echo-
grafies of short ligaments were obtained with the hock in flexion. LPL: long plantar
ligament; LCL: long collateral ligaments; SCL: short collateral ligaments.
Table 1. Cross-sectional area (mean ± SD), minimum and maximum observed
values, 95% lower and upper values of confidence interval, and Shapiro-Wilk
(SW) value for each structure at the relevant level/s.
Ligament (level) Mean ± SD Min Max Lower value Upper value SW
LLCL (2) 0.58 0.05L 0.48 0.70 0.47 0.69 0.88
LLCL (3) 0.75 0.08L 0.60 0.92 0.59 0.92 0.88
SLCLs (2) 0.25 0.03L 0.20 0.30 0.19 0.31 0.65
SLCLm (2) 0.25 0.03L 0.20 0.30 0.19 0.31 0.65
SLCLd (2) 0.35 0.03L 0.30 0.40 0.29 0.41 0.65
LPL (2) 1.14 0.05P 1.05 1.28 1.04 1.25 0.53
LPL (3) 1.17 0.05P 1.08 1.30 1.07 1.28 0.70
LPL (4) 1.10 0.03P 1.04 1.20 1.03 1.18 0.36
LMCL (2) 0.39 0.05M 0.30 0.51 0.29 0.50 0.82
LMCL (3) 0.59 0.06M 0.48 0.72 0.47 0.71 0.85
SMCLs (2) 0.29 0.06M 0.20 0.40 0.17 0.41 0.65
SMCLm (2) 0.45 0.03M 0.40 0.50 0.39 0.51 0.65
Units: cm2. In column n.1: LLCL = Long lateral collateral ligament; SLCL = small
lateral collateral ligament; LPL = long plantar ligament; LMCL = long medial col-
lateral ligament; SMCL = small medial collateral ligament. s = superficial portion;
m = median portion; d = deep portion. In column n.2: L = lateral aspect of the
tarsus; P = plantar aspect of the tarsus; M = medial aspect of the tarsus.
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level 3 (Figure 5). Although the LMCL is the smallest among
those examined, this ligament also widened distally at the
LLCL. Superficial and median portions of the SMCL could be
detected in all horses, while deep portion was only observed
in two cases and showed similar CSAs (Figure 6).
4. Discussion
CSAs of the tarsal ligaments of STH were obtained to create
reference measurements, which could be useful in clinical
investigations. Although no references had yet been reported
for STH to the authors’ knowledge, changes in CSA, along
with other parameters, have been widely used for the ultraso-
nographic diagnosis of injuries (Pickersgill et al. 2001; Agut
et al. 2009; Vilar et al. 2011). Ultrasonographic evaluation of
the CSA measurements in forelimb tendinous structures (i.e.
superficial and deep digital flexor tendons) have proven to be
an useful method for non-invasive tendon assessment (Smith
et al. 1994; Gillis et al. 1995a; Pickersgill et al. 2001; Perkins
et al. 2004; Agut et al. 2009; Raes et al. 2010; Korosue et al.
2015). Quantitative ultrasound parameters had increased their
application in equine clinical practice, and CSA analysis has
become an useful technique for non-invasive assessments of
tendons and ligaments, even if inter-breed variations have
Figure 3.Mean values and acceptance intervals of the cross-sectional area (CSA) in
cm2 at the superficial (s), median (m), and deep (d) portion of the small lateral col-
lateral ligament (SLCL).
Figure 2.Mean values and acceptance intervals of the cross-sectional area (CSA) in
cm2 at each level of the long lateral collateral ligament (LLCL). Figure 4.Mean values and acceptance intervals of the cross-sectional area (CSA) in
cm2 at each level of the long plantar ligament (LPL).
Figure 5.Mean values and acceptance intervals of the cross-sectional area (CSA) in
cm2 at each level of the long medial collateral ligament (LMCL).
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been proven (Wood et al. 1993; Gillis et al. 1995b; Agut et al.
2009; Vilar et al. 2011; Korosue et al. 2015; Spinella et al. 2015,
2016).
The technical features (advantages and limitations) of linear
or sector ultrasound probes were well known (Reef 1998; Agut
et al. 2009). In a majority of cases, probe selection was mostly
based on the experience and availability of the operator
(Agut et al. 2009). Our decision to use a sector probe was pri-
marily related to the highly irregular surface of the tarsus, and
the difficulty to create a suitable contact between the skin
and the linear probe along each ligamentous structure.
However, the use of a fitting standoff pad could minimize the
incidence artifacts, providing a better adaptation of the probe
to the investigated region.
Limb position (lifted or in weight-bearing position) could
also condition the CSA measurements, even if these differences
have not been completely described for tarsus ligaments.
Changes in tension echographic patterns have been reported
by other authors in forelimbs as a feature that could be mista-
ken with injuries (Nicoll et al. 1993; Gillis et al. 1995b; Mick-
lethwaite et al. 2001). In order to avoid any CSA variation, all
scans were performed with the limbs in the weight-bearing
position.
The absence of significant differences in height at the
withers, along with thoracic and tarsal perimeters, between
males and females led us to suppose that differences did not
exist between ligaments as well. Moreover, as observed in our
horses, several studies proved that differences between the
right and left limbs of adult horses and foals for quantitative
ultrasound parameters were not statistically significant (Gillis
et al. 1995a; Agut et al. 2009; Spinella et al. 2015, 2016). There-
fore, the variable laterality has been currently discarded in
equine studies (Birch et al. 1999).
The training programme for each horse was another variable
that could lead to anatomical structure modification for
adaptive hypertrophic changes in the matrix composition,
resulting in an increase of ligament CSA, which was assumed
to be consistent throughout the life of the horse (Cherdchu-
tham et al. 2001; Kasashima et al. 2002; Moffat et al. 2008;
Dyson et al. 2017). For this reason, horses that follow or had fol-
lowed the same training were selected. All horses in the present
study had raced regularly in trotting competitions during or
before the clinical trial period to ensure a homogeneity of this
variable. Moreover, based on the assumption that CSA values
remained consistent over the life of the horse and that these
horses had a highly specific purpose (trotting), CSA values
could remain unchanged even if these horses were not con-
ditioning or competing at the time of examination.
Regarding the evaluation of ligamentous CSA measures
across the tarsus, we found that two of the three long ligaments
(LMCL and LCLL) increased their CSA distally, which could be
due to their enlargement in reaching the bone insertions. The
LPL, instead, becomes thinner distally. Relating to short liga-
ments, which could be measured only at level 2, the median
portion of the SMCL appeared to be the largest, although this
structure could not be echographically differentiated from the
deep portion, which is contrary to what occurs in the SLCL.
For this reason, in our opinion, the value of median portion of
SMCL could represent the sum of median and deep portions.
This study has some limitations. (1) The study has a retro-
spective nature. (2) A higher frequency probe might be more
suitable for superficial structures, although previously success-
ful results obtained from this region prompted us to use a
7.5 MHz probe (Vilar et al. 2011). (3) The results ofthis study
were obtained only from conditioned STH; therefore, we
cannot account for the values for other breeds and extrapol-
ations should be made cautiously. (4) Other quantitative ultra-
sound parameters (mean and relative echogenicities and fiber
alignment) were not investigated, but they were not out of
the aim of this study. Thus, this report should encourage
other researchers to confirm our results with a further prospec-
tive investigation and to provide other ultrasound quantitative
parameters.
5. Conclusion
The results from the CSA measurements of tarsal ligaments
(LLCL, SLCL, LPL, LMCL, and SMCL) from this study could be
used as comparative reference values to assist sonographers
investigating pathological changes in STH.
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